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A B S T R A C T
Fisheries bycatch is one of the biggest threats to seabird populations. Managers need to identify where and when
bycatch occurs and ensure effective action. In 1999, the Food and Agriculture Organization of the United Nations
released the International Plan of Action for Reducing Incidental Catch of Seabirds in Longline Fisheries (IPOA-s)
encouraging states to voluntarily assess potential seabird bycatch problems and implement a National Plan of
Action (NPOA) if needed. However, the IPOA-s is ambiguous about the steps and objectives, diminishing its
value as a conservation tool.
We reviewed NPOAs to identify approaches taken to determine whether seabird bycatch is problematic, how
bycatch minimisation and population objectives are set, and if thresholds are specified for managing impacts.
Our aim was to recommend measures for improving consistency and effectiveness in future NPOAs and other
management frameworks for seabirds, with relevance for other threatened marine vertebrates including sharks,
turtles, pinnipeds and cetaceans. Globally, 16 NPOAs have been published, but few effectively linked seabird
bycatch risk, objectives and management. However, we identified the following best-practice elements that
could improve NPOA design: (1) defining explicit risk criteria and methods to assess bycatch problems; (2)
setting specific and measurable objectives for minimising bycatch and achieving desired population status; and
(3) defining fishery-specific thresholds to trigger management action linked to the population objective.
Consistent adoption of NPOA best practice, particularly in states that have not already developed an NPOA,
would help to mitigate bycatch threats and ensure fisheries do not reduce the viability of seabird populations.
1. Introduction
Incidental mortality (bycatch) in fisheries is one of the biggest
threats to marine megafauna (Anderson et al., 2011; Moore et al., 2013;
Phillips et al., 2016; Wallace et al., 2013). Minimising bycatch is
therefore at the forefront of global marine conservation goals (FAO,
1995), including the development of reference points for estimating risk
and managing impacts (Curtis and Moore, 2013; Moore et al., 2013;
Zhou and Griffiths, 2008). Thresholds to trigger management action
have been developed in some cases for marine mammals, but specific
reference points or thresholds for seabirds have rarely been defined
(Beggren et al., 2002; Geijer and Read, 2013; McDonald et al., 2015;
Small et al., 2013).
To address the issue of seabird bycatch, the Food and Agriculture
Organization (FAO) released the International Plan of Action for
Reducing Incidental Catch of Seabirds in Longline Fisheries (IPOA-s) in
1999. The IPOA-s is a voluntary instrument that refers to objectives in
the FAO code of conduct for responsible fisheries that aim to minimise
negative impacts on non-target species, allowing sufficient selectivity of
gear and the operational flexibility to do so (FAO, 1995, 1999). The
2009 release of the FAO Best Practice Technical Guidelines (BPTG) to
support implementation extended the IPOA-s to other relevant fishing
gear including trawls and gillnets (FAO, 2009). Although these docu-
ments highlight the importance of reducing impacts on seabirds or non-
target species, none set objectives regarding population status of the
affected species nor prescribe thresholds for impacts beyond which
management action should be taken. The IPOA-s indicates that an as-
sessment should determine the extent and nature of seabird bycatch but
is not prescriptive about how this should be completed. The IPOA-s
identifies that the assessment may include collection and analysis of: (1)
the criteria used to evaluate the need for an NPOA; (2) data on fishing
fleets, techniques, areas and effort; (3) status of seabird populations; (4)
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annual bycatch of seabirds; (5) existing mitigation measures in use and
an analysis of their effectiveness, and; (6) monitoring of seabird bycatch
rates. The BPTG indicate that the criteria used to evaluate the need for
an NPOA, whether qualitative or quantitative, should be explicitly de-
fined. When deciding whether a NPOA for seabirds is necessary, states
have taken different approaches, with some conducting an assessment
before deciding whether to implement a plan and others conducting an
assessment as part of their plan (Baker and Finley, 2010).
Setting out best practice allows relevant bodies, such as national
governments, Regional Fisheries Management Organisations (RFMOs)
and multilateral agreements to develop and implement effective seabird
bycatch management. For example, regularly updated, best-practice
mitigation methods for different gear types are available from the
Agreement on Conservation of Albatross and Petrels (ACAP)(ACAP,
2017). In addition, risk assessments are used as a tool in some RFMOs,
where the outputs have built momentum to implement bycatch miti-
gation (Tuck et al., 2011). An understanding of best practice is also
important for organisations other than those that directly manage or
assess fisheries impacts. For example, sustainability certification
schemes, such as the Marine Stewardship Council, regularly review
their standards to ensure that they reflect best practice in science and
management (Agnew et al., 2014).
In this paper, we focus on three elements of a best-practice man-
agement framework that seeks to address seabird bycatch in fisheries:
(1) identifying a problem, (2) setting objectives, and (3) establishing
thresholds for management action. We reviewed NPOAs for reducing
seabird bycatch to determine which countries or regions have devel-
oped and adopted such plans, and to identify how each defines a sea-
bird bycatch problem, sets objectives and selects specific thresholds for
managing fisheries impacts. Our aim was to develop recommendations
that improve the consistency and effectiveness of NPOAs in order to
achieve the joint objectives of minimising seabird bycatch and avoiding
deleterious impacts of fisheries on seabird populations. Many of the
recommendations are also relevant for ecological risk assessments for
other threatened marine vertebrates impacted by fisheries, including
sharks, marine turtles, pinnipeds and cetaceans.
2. Methods
In 2014, the FAO Committee on Fisheries (COFI) published results
from a survey of their members on the development of NPOAs. We
reviewed the responses to identify those fisheries involving gears that
could interact with seabirds and those members which had undertaken
an assessment to determine if they needed to implement a NPOA. Of
those, we determined the number of members that had actually de-
veloped an NPOA.
NPOAs were obtained online from links at Cooper (2019). Unless
indicated otherwise, the versions reviewed here were the latest pub-
lished on or before 27 June 2019. Each NPOA was reviewed and in-
formation was extracted on the method used to identify if a seabird
bycatch problem exists; the stated overarching objective; whether this
or any sub-objectives related to the status of seabird populations or
species; whether any thresholds were included and in what form, and;
whether these thresholds were explicitly linked to a management re-
sponse. The compiled results and current practices were considered in
relation to specific criteria identified in the literature and described
below (FAO, 1995, 1999, 2009; Moore et al., 2013; Small et al., 2013;
Tear et al., 2005; Tuck, 2011).
2.1. Identifying the problem
Our assessment of how the compilers identified whether a seabird
bycatch problem existed was based on the recommendation in the FAO
BPTG that explicitly defined criteria should be used (FAO, 2009). We
recorded whether qualitative, semi-quantitative, or fully quantitative
approaches were used in the NPOA and whether there was a statement
about the criteria used to determine if a problem existed. Qualitative
approaches included collecting information (including quantitative
data) to make an expert judgement on whether a problem existed, as
well as qualitative ecological risk assessment methodologies like the
Scale Intensity Consequence Analysis (SICA), which uses stakeholder
input to identify the vulnerability of a species to impact in worst
plausible scenarios (Hobday et al., 2011). Semi-quantitative approaches
included risk assessments combining life-history characteristics and
catchability attributes, such as the Productivity Susceptibility Analysis
(PSA) (Hobday et al., 2011). Fully quantitative approaches involved
numerical assessments including Potential Biological Removal (PBR)
which uses demographic parameters to determine a mortality limit for a
population (Wade, 1998), and population matrix models that assess the
effects of fisheries mortality on seabird populations (e.g. Baker and
Wise, 2005; Finkelstein et al., 2010; Tuck et al., 2001; Wiese and Smith,
2003).
We evaluated “explicitly defined” as criteria that are fully ex-
pressed, with nothing implied. Thus, if the stated criterion used to de-
termine if a problem exists was the magnitude of seabird bycatch in
terms of number of birds killed or bycatch rate, this was not considered
to be explicitly defined unless quantified. For example, in Uruguay, a
two-step process with a predefined, semi-quantitative Productivity
Susceptibility Analysis was used alongside a predefined quantitative
calculation of Potential Biological Removal to prioritise species for
application of mitigation measures in the NPOA (Jiménez et al., 2012,
2015).
2.2. Setting management objectives
We recorded whether each NPOA included an objective to reduce,
avoid or minimise bycatch based on the IPOA-s overall objective. We
also recorded whether there were any specific objectives ensuring that
seabird populations were not adversely impacted by fisheries specified
within the NPOA. This is important because absolute numbers of birds
bycaught mean little in the absence of an estimation of population-level
effects (Tuck, 2011).
We also recorded whether the bycatch and population objectives
were specific and measurable, based on principles for setting con-
servation goals and objectives outlined by Tear et al. (2005). Those
include stating clear goals to direct the establishment and definition of
quantifiable objectives, such that progress against those can be mea-
sured effectively. For example, the 2004 Falkland Island NPOA for
longlines set an initial objective to minimise bycatch to a specific by-
catch rate (0.05 birds/1000 hooks) within the lifetime of the NPOA.
This goal was achieved in 2007–8 when no birds were caught. In the
2011 NPOA, the objective was to maintain the level of seabird bycatch
at zero (Janzen et al., 2011).
2.3. Determining thresholds for management action
Finally, we recorded whether each NPOA specified thresholds and
whether these were qualitative or quantitative. We also recorded
whether the threshold was linked to a specific management response
and whether this was allied to the population-specific objective. For
example, the Australia Threat Abatement Plan uses a quantitative by-
catch threshold of 0.05 birds/1000 hooks to trigger a management
response for tuna and billfish fisheries (Commonwealth of Australia,
2014).
3. Results
3.1. Uptake of the IPOA-s by FAO Committee on Fisheries (COFI) Member
States
The 2014 survey of COFI members reported 77 responses, including
67 that identified that longline fishing was conducted in waters under
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their jurisdiction. Of these, 24 completed an assessment to determine if
they needed to implement an NPOA, of which 17 found they did (FAO,
2014). A further 25 countries reported that they were planning to
conduct an assessment. Despite this recognition, at least 3 states iden-
tified the need to develop a NPOA but have not done so, and a further
43 have not yet conducted an assessment. The COFI survey only re-
viewed development of a NPOA in relation to longline fisheries in 2014,
but 46 states also indicated they had trawl or gillnet fisheries. In this
review, we consider the 16 NPOA or NPOA-like documents (hereafter
NPOAs) available from 14 states or other entities: 11 countries, one
overseas territory, one fishing entity and one political union which
represents 28 countries (Fig. 1) (Chile, 2007; Commonwealth of
Australia, 2014; Consejo Federal Pesquero, 2010; Cooper et al., 2008;
Department of Agriculture and Water Resources, 2018; European
Commission, 2012; Fisheries Agency, 2009, 2014; Government of
Canada, 2007; Instituto Chico Mendes de Conservação da
Biodiversidade (ICMBIO), 2018; Janzen et al., 2011; Jiménez et al.,
2015; Kuepfer et al., 2018; Marques et al., 2017; Ministry for Primary
Industries, 2013; Ministry of Oceans and Fisheries, 2014; National
Marine Fisheries Service, 2001). There was more than one NPOA
available for both Australia and the Falkland Islands.
3.2. Identifying the problem
States with NPOAs used a mix of approaches to identify if a seabird
bycatch problem exists, either at a national or fishery-specific level.
Most (88%) NPOA documents mentioned that expert workshops or a
qualitative judgement (some based on quantitative information such as
bycatch rates or numbers from logbooks or observer programs) were
used to determine whether a problem existed in one or more fisheries
(Table 1).
Three states indicated a semi-quantitative approach to assessment;
in each of these three cases, this was in addition to qualitative ap-
proaches (Table 1). Three NPOA documents referenced the application
of a fully quantitative approach for one or more species, involving
population modelling or calculation of Potential Biological Removal. In
these three cases, quantitative techniques were used together with a
qualitative approach.
We recorded the use of explicit criteria for identification of a by-
catch problem for four NPOAs (Table 1). Others indicated that they set
out criteria, such as magnitude of bycatch or conservation status of
species but were not specific in terms of how they were applied. These
NPOAs had sometimes involved risk assessments to identify problems in
specific fisheries or with specific seabird populations or species but did
not refer to an explicitly-defined methodology.
3.3. Setting management objectives
Most (94%) of NPOAs included an overarching objective that re-
lated to reducing, avoiding or minimising seabird bycatch, though only
27% of these were specific and measurable (Table 1). The four NPOAs
with specific, measurable objectives included linking the objective to a
specific bycatch rate (number of bird mortalities per effort) or achieving
zero bycatch.
Ten documents had specified an objective relating to fisheries im-
pacts on a seabird population but only New Zealand's NPOA had a
specific, measurable objective (Table 1). The latter was that “The level of
mortality of New Zealand seabirds in New Zealand commercial fisheries are
reduced so that species currently categorised as at very high or high risk from
fishing move to a lower category of risk” (Ministry for Primary Industries,
2013). This is explicitly linked to an annual risk assessment.
3.4. Determining thresholds for management action
Some (19%) of NPOAs explicitly set out thresholds that would
trigger a management response (Table 2). A bycatch rate (0.05 birds/
1000 hooks for Chile, 0.05 birds/1000 hooks for Australian tuna and
billfish fisheries and 0.01 birds/1000 hooks in all other Australian
Commonwealth longlines) was used as such a threshold in two NPOAs
— Chilean NPOA and the Australian Threat Abatement Plan — but
neither specifically referred to an overall population objective (Chile,
2007; Commonwealth of Australia, 2014).
In the USA NPOA, a threshold may be set for fisheries where an
advisory committee recommends that a management action is needed,
such as for short-tailed albatross Phoebastria albatrus in the Alaska
groundfish fisheries (Finkelstein et al., 2010; US FWS, 2015). This is the
only example of a threshold linked to a population objective and was set
using expert advice based on population modelling.
4. Discussion
Many states appear to be ignoring their responsibility to develop an
NPOA. This includes states which identified they had a bycatch problem
in the 2014 COFI survey. Moreover, several states without an im-
plemented NPOA, including Angola, Namibia and Peru, manage fish-
eries identified by ACAP as high conservation priorities, i.e., where
Fig. 1. States or other entities that have developed an NPOA (dark grey).
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management needs to be improved in order to reduce impacts on
globally important populations of albatrosses and petrels (Phillips et al.,
2016). There are also high levels of bycatch in gillnet fisheries in other
states without an NPOA, including Greenland, Iceland, Norway and
Russia (Zydelis et al., 2013).
The main objective of this review was to identify a best-practice
management framework for identifying and managing seabird bycatch.
Although we did not identify one consistent best-practice framework
adopted in all NPOAs, there were elements of common practice that
could be applied more widely to improve fisheries management
(Supplement Table S1). These are discussed below.
4.1. Identifying the problem
Most NPOAs used qualitative approaches and did not outline ex-
plicit criteria to identify what constitutes a bycatch problem at national
level, or for particular species or fisheries. Where explicit criteria were
outlined, they included use of a bycatch rate (Australia Threat
Abatement Plan) or a semi-quantitative or fully quantitative risk as-
sessment (New Zealand and Uruguay). However, in one case where a
fully quantitative assessment was undertaken for a seabird species, the
criteria for determining if the level of bycatch constituted a problem
was not detailed in the NPOA itself (Canada).
Drawbacks to a qualitative approach include a lack of information
to make an informed choice on the appropriate level of risk, e.g. little
information on the consequence of fishery interactions for a particular
species, or the potential lack of expertise of the participants. One po-
tential solution is a systematic survey to collate population estimates
from relevant scientific experts, e.g. a Delphi survey of experts, used to
analyse and increase accuracy of population estimates for New Zealand
seabirds and marine mammals (Abraham et al., 2016, 2017). When
there is no defined methodology, it is much more difficult to achieve
consistency across management approaches. This lack of consistency is
also present among NPOAs for other marine megafauna, e.g. shark
NPOAs independently resulting in binding regulations, non-binding
measures and shark fin measures (Fischer et al., 2012). In general,
NPOAs should be more explicit in identifying a bycatch problem by
applying one or more risk assessment methodologies.
Ecological risk assessments are often defined in relation to the
probability that an objective is not being achieved and can include a
range of qualitative to quantitative methods (e.g. Hobday et al., 2011;
Tuck et al., 2011). Small et al. (2013) reviewed risk assessments for
fishery impacts on seabirds used by states as well as RFMOs. Each risk
assessment method used slightly different approaches in terms of spe-
cies selected, definition of risk, attributes selected for productivity and
selectivity, and how uncertainty was incorporated into the assessment
process. Despite these differences potentially leading to diverse out-
comes, the authors identified many benefits of risk assessments, in-
cluding the identification of seabird species or populations, regions,
seasons and fisheries where risk of impact is higher.
In general, qualitative and semi-quantitative risk assessment ap-
proaches are less time-consuming, and hence more cost-effective than a
fully quantitative assessment, and rely on fewer data. They are also
flexible as attributes can be changed depending on the species or
fishery, repeatable in that there is a clearly defined methodology, and
iterative in that they can be updated when new information becomes
available (Hobday et al., 2011). Hence, they are probably the most
efficient tools for explicitly identifying if there is a risk that fisheries are
negatively impacting seabird populations. However, as the risk outputs
are relative rather than absolute, they cannot be used to track progress
over time or establish thresholds or cut-offs for management response
(Small et al., 2013).
Fully quantitative risk assessments require reliable data, particu-
larly on biology and ecology of the non-target species. This may include
demographic data such as estimates of adult survival (optimal, i.e. in
the absence of fishing, rather than actual), population size, age at firstTa
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breeding, breeding success, at-sea distribution (spatial and temporal),
fishing effort or bycatch data (Jiménez et al., 2012; Sharp, 2017; Wiese
and Smith, 2003). If some information is not available, substitutions are
usually made from other ecologically similar or closely-related species.
Advantages to fully quantitative approaches include that they provide
absolute outcomes, allowing tracking of progress against management
objectives. The models may also enable consideration of environmental
stochasticity or demographic factors such as age or sex. Finally, un-
certainty can be explicitly accounted for in models (e.g. Anderson et al.,
2008; Caswell et al., 1998; Lewison and Crowder, 2003; Phillips et al.,
2016 and references therein, Sharp, 2017; Veran et al., 2007; Wallace
et al., 2013; Zador et al., 2008). Ensuring that any assumptions and
uncertainties are explicitly defined is very important as the results are
often assumed to be certain and definitive by managers wanting to use
the information directly or stakeholders who may not appreciate the
model limitations (Lonergan et al., 2017; Tuck et al., 2011).
Some applications of PBR do not explicitly account for uncertainty.
Instead, precaution is built-in by selection of a conservative population
size, e.g. 20% of population size, or the use of a recovery factor, which
can be set at a lower value for species of higher conservation concern
(Wade, 1998; Jiménez et al., 2012). The Spatially Explicit Fisheries Risk
Assessment (SEFRA) developed by New Zealand is unique (compared
with other PBR-like methods) in that it includes explicit treatment of
uncertainty, so it is possible to distinguish between results that have
high impact and low uncertainty from those where there is high un-
certainty and unknown impact (Lonergan et al., 2017; Sharp, 2017).
Care may need to be taken with the application of PBR in a man-
agement setting where there are limited demographic data, as use of
‘rule of thumb’ multipliers for seabird species can have wide bounds
(Dillingham and Fletcher, 2011). In addition, the PBR method contains
some implicit assumptions, including about density dependence and
population trajectory, that may not fit well with actual population
dynamics (O'Brien et al., 2017). Indeed, a comparison of PBR and Leslie
matrix models by O'Brien et al. (2017) showed that in some cases (e.g.
population already declining, weak compensatory density-dependence)
removing the number of seabirds that in theory was acceptable ac-
cording to PBR could nevertheless lead to further population decline.
An ICES Workshop to review and advise on seabird bycatch re-
commended that PBR be used only as an initial assessment tool to
identify mortality levels that could be unsustainable, because the as-
sumptions of PBR have not been widely tested in birds (ICES, 2013).
The choice of recovery factor is arguably the most influential input in a
PBR. A recent study found that changing the recovery factor from 0.5 to
1 led to an underestimate of the impact of fisheries bycatch by a factor
of 2 (Bakker et al., 2018). In the case of the New Zealand SEFRA, the
PBR has been modified and integrated into a Bayesian model that takes
uncertainty into account and does not use a recovery factor, so results
should provide a more accurate measure of risk (Sharp, 2017). Finally,
with PBR, the results are based on the total additional mortality that
can be sustained by the population; this is not just from fisheries of that
nation, region or even in total. Although a PBR should allow managers
to determine if a fishery in isolation is having an unsustainable impact,
even if the level of that bycatch is within the limit, uncertainty asso-
ciated with impacts of other fisheries or threats, and the potential for
cumulative effects, are not taken into consideration.
Currently, most states or jurisdictions that developed an NPOA
adopted their own approaches to identify what constitutes a seabird
bycatch problem. This has allowed NPOAs to evolve independently and
be applied adaptively but has the disadvantage that there are very
different thresholds used to assess impacts, and expectations. As most
seabirds are highly migratory, crossing multiple national jurisdictions,
often spending extensive periods in the High Seas and interacting with
many types of fishing activities (Phillips et al., 2016), there would
clearly be many advantages to developing the framework for a more
consistent approach.
4.2. Setting management objectives
Although most NPOAs include objectives to reduce, avoid or mini-
mise bycatch of seabirds, only some were specific and measurable.
Those that only specified reduction or minimisation objectives should
make these more explicit by including a maximum acceptable bycatch
rate or total, particularly in the short term, and an overall objective to
minimise bycatch to below an agreed target level. Bycatch rates allow a
practical target for reducing bycatch but may not be the most useful
method for assessing whether management objectives are achieved
because even low bycatch can still have an impact on a population, or
the low rate could be the result of past declines that reduced the
abundance of a population (Tuck, 2011). Hence, where bycatch rates
are used, they should be in the context of population-specific targets or
be based on modelling approaches that determine if reducing the by-
catch rate to below a particular level would result in a favourable
outcome for the population. Bycatch rates should also be adjustable
over time, to account for changes in effort in the fishery, and fishing
effort itself should be monitored.
A population-specific objective provides context and the ability to
define specific actions to achieve that goal. Only the New Zealand
NPOA contained a population objective that was specific and measur-
able. The other NPOAs that specified a population objective used
qualitative expressions such as “not jeopardising viability,” “ensuring
sustainability,” or “achieving a favourable conservation status.” It was
noted for the Australia Threat Abatement Plan that a population ob-
jective was not specified in the document. However, its implementation
is closely tied to the National recovery plan for threatened albatrosses
and giant petrels, which does contain a population objective to ensure
the long-term survival and recovery of albatross and giant petrel po-
pulations…by reducing or eliminating human related threats on sea and
land, although it is not specific (DSEWPC, 2011). NPOAs for other states
may also link to national policies that provide population objectives.
However, in most cases, population objectives were not defined, and
even where they were – Australia's NPOA defines favourable con-
servation status – they were not specific or measurable. This may be due
to the lack of an agreed definition of the maximum sustainable level of
impact on seabird populations, perhaps to allow for flexibility in ap-
proaches or because there is little political will to establish an allowable
mortality for charismatic species. This lack of definition is also present
in NPOAs for sharks (Fischer et al., 2012).
The New Zealand NPOA was also the only document reviewed that
explicitly linked a population objective to the use of a risk assessment
framework (the SEFRA), which has the advantage of allowing an ab-
solute value of risk to be monitored to determine if the goal of moving a
species from high to lower risk levels is achieved. The SEFRA also ex-
plicitly identifies a population target in its Population Sustainability
Threshold (PST), defined as 95% probability that a species will recover
Table 2
Threshold types used to trigger management action and links to population objectives. "✓" indicates NPOA has link to population objective.
NPOA Threshold type Link to population objective Reference
Australia (Threat Abatement Plan) Bycatch rate Commonwealth of Australia, 2014
Chile Bycatch rate Chile, 2007
United States of America Incidental take allowance/expert advice ✓ National Marine Fisheries Service, 2001
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to at least 50% carrying capacity in 200 years in the presence of on-
going human-caused mortalities, and environmental and demographic
stochasticity (Sharp, 2017). This percentage of carrying capacity and
timeframe selected were based on the approach used in the US for
marine mammal bycatch and simulations undertaken for NZ seabird
populations (Richard and Abraham, 2013). Further modelling to test
the appropriateness of the percentage of carrying capacity and of the
timeframe for recovery for long-lived, K-selected seabirds such as al-
batrosses and petrels in different management contexts would be useful.
Also, it is important to ensure that the methodology for estimating risk
remains the same over time so that such progress can be tracked.
The issue of setting a quantitative population objective has been
more widely considered with regard to bycatch in fisheries of marine
mammals. The US Marine Mammal Protection Act (MMPA) sets as its
objective an ‘Optimal Sustainable Population’ with reference to popu-
lation levels that are not depleted, and the term Maximum Net
Productivity Level (MNPL) is often the lowest point of this range
(Lonergan, 2011). Populations are considered depleted if estimated to
be below MNPL, or below 50–70% of a historical population size re-
presenting carrying capacity (Gerrodette and DeMaster, 1990). The
setting of quantitative population objectives in the US MMPA also al-
lows the results of any measures implemented to be evaluated
(McDonald et al., 2015).
The International Whaling Commission (IWC) Revised Management
Procedure (RMP) sets a population goal that differs from the US MMPA,
aiming to maintain populations of cetaceans at 72% of their carrying
capacity (Lonergan, 2011). This was selected as a conservative value
from simulations that showed that ‘maximum sustainable yield’, the
amount that could be harvested sustainably, for large cetaceans occurs
at 60% carrying capacity. Under the Agreement on the Conservation of
Small Cetaceans of the Baltic, North East Atlantic, Irish and North Seas
(ASCOBANS), the interim population objective for harbour porpoise
Phocoena phocoena is to restore populations to, or maintain them at,
80% or more of carrying capacity (IWC, 2000). These differences in
population goals reflect the political nature of setting thresholds and
the balances that need to be struck. The population threshold in the NZ
SEFRA is commensurate with the implicit population objective in PBR
approaches as designed by Wade (1998) for marine mammals but has
not been specifically evaluated to determine its appropriateness for
seabirds.
There are other practical considerations when setting a population-
level objective. Where there are many populations at risk, it may not be
feasible to evaluate the status of each one. To ensure, however, that
declines of less common species are not masked, risk-based assessments
may be used to prioritise species for evaluation. Also, a population-
specific objective may not be applicable in all situations – some states
have no breeding populations of the seabird species (e.g. albatrosses or
petrels) that are most impacted by their fisheries, or the provenance of
the bycatch is unknown. In such cases, thresholds linked to ensuring
that the fishery is not responsible for hindering population growth, e.g.
through appropriate risk assessment, may be more appropriate, or re-
gional approaches to setting objectives could be undertaken (Waugh
et al., 2008). A specific threshold linked to population status will be
different in different fisheries, so there is no one-size-fits-all approach.
However, the potential for the fishery to impact a population should be
considered when determining the need to take management action.
Further examples of good practice are highlighted in Supplemental
information (Table S1).
Setting quantifiable objectives requires adequate monitoring to be
in place to determine if the objective is being met, monitoring perfor-
mance in relation to thresholds and linking mortalities to impacts on
populations (Phillips, 2013; Phillips et al., 2016). Bycatch of marine
megafauna is often a rare event, meaning robust estimations of bycatch
rates for many species is a challenge (Jiménez et al., 2012; Komoroske
and Lewison, 2015; Rivalan et al., 2010). Bycatch rates depend on a
complex interaction of temporal, spatial, operational, environmental
and ecological factors, and as a consequence are highly variable (Delord
et al., 2010; Gomez Laich et al., 2006; Klaer and Polacheck, 1998;
Lewison et al., 2014). At-sea distribution of seabirds, for example, in-
fluences sex and age biases in the bycatch of some seabird species
(Gianuca et al., 2017). In addition, many fisheries do not have a robust
form of monitoring, such as observer coverage or electronic monitoring,
or have a low sampling effort. For example, an analysis of the varia-
bility in precision of the bycatch estimate for the European tropical tuna
purse-seine fleet operating in the Indian Ocean showed that observer
coverage of< 5% resulted in large uncertainties in bycatch estimates
by species (Amandè et al., 2012). Further, Amandè et al. (2012) de-
termined that the current level of observer coverage was insufficient to
give reliable bycatch estimates for species that are not frequently
caught (e.g. marine turtles, pelagic sharks). Identification of bycatch to
population or even species level is also a challenge that highlights the
importance of dedicated seabird observers on board vessels, or elec-
tronic monitoring systems set up to capture such interaction and ade-
quate analysis of the resulting footage (Bugoni et al., 2008; Pierre,
2018).
4.3. Determining thresholds for management action
Challenges to the successful implementation of the bycatch miti-
gation measures necessary to reduce seabird bycatch include lack of
governance (especially on the high seas), lack of political will, lack of
industry buy-in and support, insufficient resources and insufficient
monitoring and enforcement (Dias et al., 2019; Gilman, 2011; Melvin
et al., 2019; Phillips, 2013). The development of quantitative thresholds
can enable prioritisation of action, provide evidence of impact, build
stakeholder support and political will, and allow fisheries managers to
evaluate if conservation goals are being met (Moore et al., 2013). Even
if quantitative thresholds are not set, risk assessments can be used to
trigger management action. In both cases, thresholds are important to
ensure a management response is triggered when this is appropriate
and necessary (Small et al., 2013).
As noted above, several NPOAs included reduction of bycatch below
an identified rate as a specific objective. However, most were not ex-
plicit about management responses for fisheries that met or exceeded
this rate. The two NPOAs with a bycatch rate threshold that triggered a
management response were the Threat Abatement Plan of Australia and
NPOA of Chile. The Australian Threat Abatement Plan is the most ex-
plicit about the management responses required by a fishery that ex-
ceeds the prescribed bycatch rate in one or successive seasons
(Commonwealth of Australia, 2014). The Chilean NPOA states that
mitigation measures agreed or to be developed will be applied in any
fishery where the mortality of seabirds is> 0.05 birds/1000 hooks
(Chile, 2007). In the Falkland Islands longline NPOA and South African
NPOA, a bycatch threshold objective was stated, and management
measures associated with exceeding that threshold were mentioned, but
it was not clear what those measures would involve (Cooper et al.,
2008; Janzen et al., 2011).
None of the NPOAs with bycatch thresholds as objectives estab-
lished how the rates linked to the overarching population objectives. As
noted above, even low levels of bycatch of some species could have
severe negative consequences. However, approaches such as
Management Strategy Evaluation or other simulation testing could be
used to test population responses to the management action
(Butterworth and Punt, 1999; Moore et al., 2013; Sainsbury et al.,
2000). The US was the only state in this review where a threshold that
triggered management action, e.g. closing an area or fishery; requiring
additional mitigation measures, was linked to the population objective.
The US NPOA requires relevant management authorities and fisheries
representatives to work together to develop measures in fisheries where
a bycatch problem has been identified. For short-tailed albatross, this
involved experts comparing a population model with current estimated
captures and quantifying the bycatch limit (number of birds over time)
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in the fishery (US FWS, 2015). This links to the population-specific
objective of ensuring that the level of seabird take is below the level
that would have a measurable negative effect on the population. There
is thus a link between a threshold set and a population objective, both
based on quantitative analysis.
The New Zealand SEFRA incorporates Bayesian approaches to
modelling the absolute risk, and allows for adaptive management, in-
cluding conservation measures adopted by New Zealand to minimise
risk to species, such as prohibition on use of net-sonde cables (mon-
itoring or “third wires”) in trawl fisheries, and deployment of seabird-
scaring devices (Ministry for Primary Industries, 2013; Richard et al.,
2017). Despite this framework, the NZ NPOA does not specifically link
the absolute risk thresholds to explicit management responses. Outside
the seabird context, thresholds have been estimated for marine mam-
mals under the US MMPA, IWC and ASCOBANS (Lonergan, 2011;
Moore et al., 2013; Wade, 1998). For example, PBR is used in the
MMPA as a threshold that triggers management review. It is assumed
that if bycatch is below PBR, then implicitly the goal of maintaining
populations above MNPL will be achieved (Moore et al., 2013).
Finally, it is important when considering seabird bycatch thresholds
to recall the need to minimise mortality of other non-target species,
such as sea turtles, marine mammals or fish, as set out in the FAO Code
of Conduct for Responsible Fisheries (FAO, 1995). So even where by-
catch or population objectives are specified for seabirds, this should not
prevent management authorities and fisheries operators from further
minimising mortalities of other taxa. Any unintended consequences of
reducing mortality of one taxon at expense of another should be con-
sidered, for example through holistic bycatch assessment and man-
agement (Gilman et al., 2019).
5. Conclusions
Based on a review of 16 NPOAs, we found no consistently adopted
best practice for defining a bycatch problem, setting objectives or
identifying specific thresholds for managing impacts of fisheries on
seabirds. However, we identified the following elements of common
practice – and some examples of their implementation that could be
incorporated into a best-practice management framework for assessing
and managing risks:
(1) defining explicit risk criteria and methods to determine whether a
seabird bycatch problem exists (e.g. applying the SEFRA approach
(Sharp, 2017) to identify populations at risk from fisheries inter-
actions);
(2) setting specific and measurable objectives for minimising bycatch
and achieving desired population status (e.g. setting objective that
bycatch is reduced to a level that ensures that populations are
maintained at low risk levels, as defined in the SEFRA, or moved
from high risk categories to lower risk); and.
(3) defining fishery-specific thresholds to trigger agreed management
action linked to the population objective (e.g. setting bycatch limit
(x birds/year) based on modelling effects of these fishery removals
on specific high-risk populations identified in the SEFRA and re-
quiring application of additional mitigation measures when this
threshold is reached).
Consistent adoption of NPOA best practice would help to mitigate
bycatch threat and maintain seabird populations at a sustainable level.
Development and implementation of an NPOA following our re-
commendations should be a priority in all countries with fisheries in
which bycatch is a threat to seabirds, including as a minimum those
which acknowledged this problem in the COFI survey, that manage
fisheries identified by ACAP as high conservation-management prio-
rities for safeguarding albatrosses and petrels (Phillips et al., 2016), or
that are known to have high levels of seabird bycatch in gillnet fisheries
(Zydelis et al., 2013). In addition, we recommend that a framework,
including appropriate criteria, monitoring programmes, plans for ana-
lysis are in place to measure the success of the NPOA against its ob-
jectives.
A number of topics were identified in this review that would benefit
from further consideration or case studies. For example, although
having a population-specific objective is clearly important, there is no
consensus on the level and timeframe at which this should be set, so
work is therefore needed to identify appropriate levels and timeframes,
bearing in mind that this is often a political or ethical decision. Another
area that would benefit from additional investigation is in the choice
and performance of different methods used as the basis of seabird risk
assessments. Given the highly migratory nature of seabirds, global risk
assessments of fisheries impacts should be prioritised (e.g. Baker et al.,
2007; Clay et al., 2019). The FAO IPOA-s, and hence NPOAs focus only
on fishery impacts, but there is a need for more all-encompassing ap-
proaches to estimate and mitigate cumulative impacts of bycatch on
threatened species. These need to take better account of the many other
threats to seabird populations, some of which – such as climate change
– are considerably less tractable than fisheries bycatch (Dias et al.,
2019; Phillips et al., 2016).
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